A sudden rise in intracranial plressure initiates a three-fold cardiovascular response in the dcog. Within one second after the onset of compression, the blood pressure rises sharply, presumably as a result of a direct neurogenic stimulus to the arterioles; the pressure then levels off in a few seconds. A second pressor effect is apparently due to the secretion into the blood stream of graded amounts of nor-epinephrine-like materials at the onset of compression; this rise is delayed about 12 seconds, a period perhaps associated with its circulation to the arterioles. In some experiments, a heart rate increase occurs at this time. It is shown by a special technique that the circulating bloo1( volume increases about 10 per cent during this period. With the offset of compression all these effects disappear in the same order. The potential role of these mechanisms in the blood pressure regulating complex is discussed.
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T HE technic of intracranial compression lends itself admirably to the study of some of the mechanisms involved in the regulation of the blood pressure. This is so since the intensity of the pressor response can be showni to be related to the degree of the compression.1' 2 The stimulus can thus be graded in terms of millimeters of mercury and can be compared with an equidimensional response in blood pressure.
At the turn of the century Cushing' demonstrated that the pressor response was dependent on a disturbance in the blood supply to the brain. He interpreted his findings as demonstrating that the stimulus for the rise in pressure was the production of an ischemia or anemia of the brain. His general results have been confirmed by numerous investigators2-1" who have added significant information concerning the pathways involved. Thus, it has been shown that intracranial compression can produce a blood pressure rise even when most of the brain anterior to the medulla has been removed.9 The pressor response does not occur if the sympathetic nervous system is eliminated surgically or Our studies2 have shownl that the data of Cushinig as well as of others (an l)e reimterpreted as indicating the presence of a pressor receptor mechanism inside the cranium. This receptor appears to be responsive to (lifferences in the relative pressure existing between that in the blood vessels and that inl cerebrospinal fluid. Thus, a rise in the initracranial pressure may be considered the equlivalent of a relative fall in the pressure inside cephalic blood vessels. In this way a baroceptor is stimulated, setting a chain of pressor reactions into motion.
Ini the present study we undertook to determine more accurately the types of pressor mechanisms induced by intracranial compression. Evidence has already been presented to show that in the chick, the pressor response is due primarily to the release of graded amounts of a pressor material into the blood stream depending on the degree of compression. The presence of a relatively long lag, before the onset of the pressor response, suggested the operation of a hormonal factor. The active material was shown to be pharmacologically similar to norepinephrine. However, second or so to either 200 or 250 mmn. Hg, a level considerably above the arterial blood pressure. The onset of the pressor response to this intracranial compression became manifest within two or three heart beats, usually, within one second ( fig. 1 ). Occasionally, this immediate response was absent.
After another 10 to 25 seconds, w'hen the pressor response appeared to be leveling off, a second, delayed blood pressure response with an increased slope usually appeared ( fig. 2) , and the blood pressure increased to a higher level, usually sufficient to overcome the intracranial compression.
At the offset of intracranial compression there was usually a slow fall in blood pressure to the control level. However, occasionally there were variations in this pattern, with the occurrence of either a rapid fall or of a prolonged pressor response, maintaining the blood pressure at its heightened level for 20 to 30 seconds before the onset of a gradual decline to the control level. The heart rate response to compression was variable.
Comment. heart, via the coronary sinus, Thebesian veins, and the broncihial arterial supply. Volume calil)rationis of the reservoir bottle permitted a measure of changes in the venious return from the constant volunme being returned to the heart by the metering pump arrangement,.
.1. Blood pressure response. As in the "intact" preparations, the pressor response usually begani immediately following the onset of compression ( fig. 4) . Howsever, significant differeniees ini the character of the llood pressure responses xere seen in these open-chest preparatioins, when compared with those obtained ini the "intact" dog. The time of onset of the second, (delayed) rise could be made out occasionally and then without the clear separation of slope seen in the more intact preparations. In the openi-chest animal the response was usually less iin degree than in the intact dog.
When the intracraniial compression was released, the blood pressure began to fall more sharply than in the intact preparations. Ini the course of 10 seconds or so the pressure often fell to the original level or even markedly below this level. In the latter instances, the pressure then slowly regained its original control value. Sometimes, ani overshoot to a new level somewhat higher than that obtaining prior to stimulation was observ ed. A greater degree of blood pressure instability was noted in the open-chest preparation. Commonly, a slow fluctuation of the blood pressure level was present, suggesting the operation of a level-seeking device.
B. Heart rate. A gradual rise in heart rate sometimes began about 13 seconds after the onset of compression (fig. 4) . The data are tabulated in table 1 which shows the rise in 7 of 12 successive trials. After a lag following the offset of compression, the heart rate returned to control levels.
C. Venous return. Previous studies from this laboratory have suggested that the pressor response to intracranial compression might be dependent in part on a mobilization of a volume of blood from the periphery."3 This possibility could be tested in the piresent preparation since a measure of the venous return is provided.
The slight negative pressure applied to the great veins pulls blood from these vessels and their tributaries, presumably to a constant degree. The returned blood is then collected in the reservoir (fig. 3) . The constancy of output volume from the pump which takes reservoir blood atid passes it into the right atrium makes it possible to measure variations in the venous return. Thus, changes in the level of the blood in the reservoir reflect a difference between the coiistant rate being ejected by the pump and the potentially variable volume being returned from the veins. An increased venous return is evidenced by a rise in the level of the reservoir while a decreased venous return presents itself as a fall in this level.
At the onset of the intracranial compression no immediate change in venous return was noted (fig. 4) . The blood level in the reservoir gradually but consistently began to increase a0 to 100 ml. over the course of 10 to 20 seconds.
The special design of our apparatus withheld this added volume from the circulation. It thus separated the potential effects of this enhanced return from other pressor and car(lioaccelerating mechanisms.
No immediate change in the reservoir level was seen at the offset of intracranial comipression. After about 15 to 23 seconds, howev7er, a time when the arterial tension had usually fallen sharply from the maximal pressure levels, the reservoir level began to fall. This fall was rapid at first and then took place more gradually as the blood pressure approached control levels ( fig. 4) . In other experiments a more striking volume effect w-as seen.
At the end of the compression period the blood pressure fell more sharply than in the "intact" preparations, and sometimes fell markedly below the original control levels. The venous reservoir level also began to fall sharply indicating that less blood was returning to the veins than the constant volume being metered by the pump into the right heart. This would suggest that to halt the sharp fall in pressure, a vasoconstriction was induced which had the effect of holding blood on the arterial side of the circulation, thereby reducing the venous return to the heart. As the blood pressure finally returned to and was maintained at the normal levels, the amount of blood in the reservoir also gradually returned to its control volume.
DISCUSSION
The present studies provide new information concerning factors initiating the pressor response to intracranial compression as well as an analysis of the mechanisms whereby the rise in blood pressure is accomplished. From the data of our experiments it appears that there are three distinct types of pressor mechanisms involved in the response to intracranial compression. These are summarized in figure 5.
The very brief lag from the onset of compression, less than one second in duration, argues against the possibility that the pressor effect depends upon the development of an ischemia or anemia of the brain. Instead this evidence is in accord with our previous interpretation that the response depends upon a mechanoceptor which reacts immediately to a change in the balance of pressures inside and outside a sensing arterial wall inside the cranium. The immediacy of the response also shows that a direct nervous connection from receptor to effector must be in operation.
There was also a very short delay, of the order of about one second, after the release of intracranial compression before the onset of the fall in blood pressure, expecially in the open-chest preparations. This finding also fits with the evidence that the direct neurogenic vasoconstriction operative during compression ceases almost instantaneously with the return of the intracranial pressure to normal levels. The second phase of the rise in blood pressure response occurs about 10 to 15 seconds after the onset of intracranial compression. The lag is consistent with our earlier interpretations that a pressor material released into the venous system by the intracranial stimulus is delayed by the amount of time required for circulation to its site of action at the arterioles.2
It is of interest to note the similarity between the delayed response and the entire pressor response to intracranial compression which was seen in the chick. 
